Rigid ventilation bronchoscopy is a most useful means of detecting and removing foreign bodies in the airway. We performed a retrospective study of 114 children who had undergone such a procedure during a 12-year period. During bronchoscopy, 48 of these patients had been examined under direct vision and 66 by videotape recording. We found that the positive rate on first-look direct vision was 93.8% and the positive rate on first-look video imaging was 89.4%. The lower positive rate during the first-look examination by video imaging might be attributable to the facts that it is safer and that it provides a better visual field, which can encourage operators to choose video ventilation bronchoscopy, either as a diagnostic or therapeutic tool. In addition, three foreignbody-negative patients in the direct-vision group underwent a second procedure, and a foreign body was found in all three. Only one of the video-imaging patients underwent a second procedure, and no foreign body was found. The difference in the positive rates after the second procedure was statistically significant (p<0.05). This might be attributable to the higher success rate with video imaging/allowing the first procedure, which significantly reduced the need for a second look and the possibility of overlooked or residual foreign bodies. The condition of the mucosa postprocedurally was described in every case after video imaging but after only 41.7% of the direct-vision cases-a statistically significant difference (p<0.001). Video imaging provides the physician with a clear, magnified view of the area under examination. It Volume 82, Number 2 allows for later review of the videotape when necessary, and it reduces the risk that residual foreign-body material will remain in the airway.
Introduction
Immediate yet judicious action is required when managing the patient with a suspected foreign body in the airway. Such management can be particularly difficult in children in light of the narrowness of their luminal space. The safe and effective removal of airway foreign bodies has benefitted from the development of sophisticated video systems, optic grasping forceps, and semiflexible grasping forceps as well as improvements in anesthesia administration. 1 -8 Rigid ventilation bronchoscopy is the first-line procedure for both diagnosis and treatment of this condition.
In this article, we discuss our experience in removing pediatric airway foreign bodies, and we describe our retrospective comparison of direct vision and video imaging during rigid ventilation bronchoscopy.
Patients and methods
From Feb. 1, 1988 , through May 31, 2000, a total of 114 children underwent rigid ventilation bronchoscopy for suspected airway foreign bodies at Mackay Memorial Hospital in Taiwan. This group was made up of76 boys and 38 girls, aged 7 months to 10 years (mean: 26 mo); 95 of these patients (83.3%) were younger than 37 months of age (table 1) .
Prior to February 1994, all ventilation bronchoscopies at our institution had been performed under direct vision; 48 of the 114 patients (42.1%) in this study had been treated in this manner. Thereafter, all procedures were performed via video imaging; 66 patients (57 .9%) were so treated. These procedures were performed by general physicians, pediatricians, and otolaryngologists. All patients were treated under general anesthesia.
For this review, we compiled information on clinical and x-ray findings, the characterof the foreign bodies, and the results of treatment. Then we compared the results obtained by direct vision and video imaging, and we analyzed them according to the chi-squared (X 2 ) test. 
Results
Symptoms. The most common initial symptoms following a choking crisis were dyspnea and persistent cough, which occurred Type. By far, the most common foreign bodies were peanuts (table 4) .
First look. A foreign body was identified during the initial procedure in 45 of the 48 patients who underwent direct-vision bronchoscopy (93.8%) and in 59 of the 66 who underwent bronchoscopy via video imaging (89 .4%) (table 5). Video ventilation bronchoscopy is safer and provides the operator with a better visual field. These qualities should provide encouragement to operators to perform ventilation bronchoscopy as either a diagnostic or therapeutic tool. Video ventilation bronchoscopy also yields a lower positive rate. Moreover, the effect that 
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foreign bodies had on the condition of the mucosa was described in 100% of the video ventilation bronchoscopy cases, but in only 41.7% of the direct-vision cases. The difference in the rates of description of the mucosa} condition between the two procedures was statistically significant (p<0.001). Second look. The three foreign-body-negative patients in the direct-vision group all underwent a second procedure, and a foreign body was found in all three. Only one of the video-imaging patients underwent a second procedure, and no foreign body was found. The difference between the two groups after the second look was statistically significant (p<0.05). The higher success rate during the first procedure with the video ventilation bronchoscope lessens the chance that a second look will be necessary and lessens the risk that there will be an overlooked or residual foreign body.
Admission to intensive care. A total of 10 children were intubated and admitted to the pediatric intensive care unit. Six of these children were extubated the next day and two on postprocedure day 2. The other two had been intubated and resuscitated before they arrived at our hospital. Even though a tracheal foreign body was removed immediately in both of these cases, both patients died after several days as a result of multiple organ failure secondary to severe hypoxia. Excluding these two patients, the mean length of stay in the pediatric intensive care unit was 1.2 days.
Discussion
There are several reasons why children are at higher risk of foreign-body impaction than are adults. Because children grow incisors before they grow molars, they are able to cut their food but not properly chew it prior to molar development. Moreover, their laryngeal structure is relatively small and their swallowing reflex is not well developed.
The history and physical examination do not always serve as a reliable basis for making a diagnosis of an airway foreign body. Steen and Zimmermann reported that 24% of such primary diagnoses were erroneous. 3 Some subglottic or tracheal foreign bodies can be mistaken for infectious croup. 9 In fact, three patients in our study had been referred to us by pediatricians who had made just such a diagnosis. After drug therapy failed in these patients, we performed 
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The prevalence of emphysema on x-ray in our study (56.1 % ) was similar to that reported by others. 3 · 5 • 10 Such a finding indicates a greater potential for an airway foreign body; approximately 95% of the children in our study who had emphysema on x-ray also had an airway foreign body. The percentage of negative x-ray findings in our study (21.9%) was higher than those reported in other studies.3,6,10 Ventilation bronchoscopy had been performed within 72 hours of the first symptoms in 51.9% of our patients. In fact, most of these patients were treated within 24 hours. Oguz et al reported that treatment within 24 hours can reduce morbidity. 7 However, we found that the primary cause of morbidity in our patients was a delay in seeking treatment by caregivers or a delay in diagnosis by physicians who had not given sufficient consideration to the possibility of an airway foreign body. The most serious cause of morbidity and mortality in cases of unrecognized airway obstruction is multiple organ failure secondary to severe hypoxia. 3 • 4 Two of our patients died of such a cause.
Our finding that peanuts were the most common (61.5%) obstructing substance is consistent with other reports. Wolach et al suggested that the risk of airway obstruction in children is increased by the lightweight and mobile nature of peanuts and like substances. 4 We found that foreign bodies had become lodged in the fiberopticendoscopyanddiscov- right main bronchus in 31.3% of our patients and in the left main bronchus in 19.6%. Daniilidis et al found that foreign bodies were more common in the left bronchus than in the right, and they speculated that the difference might be attributable to the right-handedness of most patients and to their posture.11 They found that children usually inhaled a foreign body while lying down and holding it with their right hand. In this position, the path from the trachea to left bronchus is straight. Others have reported that the incidence of right-and left-sided obstructions was similar. Metrangelo et al believed that neither side is more prevalent because factors such as coughing can affect foreign-body migration. 8 Even though our findings favored the right side, we agree with Metrangelo et al. In our study, we found that seven patients had had a foreign body on the side opposite the side we had suspected. Even so, the mucosa on the sides we suspected were nevertheless swollen and eroded. We believe that the foreign bodies in these cases had "danced" from one side to the other. In our study, the condition of the mucosa was not generally noted in much detail for the patients who had undergone bronchoscopy under direct vision. The better view offered by video imaging allowed the surgeons to make greater note of the mucosal status with respect to the presence of hyperemia, swelling, sputum, and granulation formation.
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